Abstract: Considering lateral influence from adjacent lane, an improved car-following model is developed in this paper. Then linear and non-linear stability analyses are carried out. The modified Korteweg-de Vries (MKdV) equation is derived with the kink-antikink soliton solution. Numerical simulations are implemented and the result shows good consistency with theoretical study.
Introduction
Traffic flow is a system of consecutive vehicles with interacting [1] . Recently various models have been developed, including general models, safety distance models, action point models, optimal velocity models (OVM), cellular automaton models and fuzzy logic models [2] [3] [4] [5] . Among those models, OVM developed by Bando et al. [6, 7] is well known for its accuracy and rationality. Afterwards Helbing and Tilch [8] Jiang et al. [9, 10] to solve the disadvantage.
Based on OVM, GFM and FVDM, many new models have been established by considering decentralized delayed-feedback control [11] , delay time due to driver's reaction [12] , extended OV function for cooperative driving control system [13, 14] , acceleration difference [15] , multiple velocity difference [16] , optimal velocity difference [17] , and control method [18] .
To study traffic jam waves in OVM, Komatsu Sasa [19] firstly derived the modified Korteweg-de Vries (MKdV) equation to describe kink waves. Then Muramatsu and Nagatani [20] derived Korteweg-de Vries (KdV) equation from OVM to describe sliton waves in traffic jam, and Nagatani also found triangular shock wave solved Burgers equation [21] .
From then many models have been analyzed by non-linear stability theory aforementioned.
Nagatani [22] [25, 26] and also did similar research in three OVM based models [27] . Yu [28] [35, 36] 
Improved OVM
The typical OVM is presented as [6, 7] is the optimal velocity function described as [6] It is assumed that the driver makes his decision upon the combination impact of leading vehicle and neighbor vehicle by introducing a second OV function, which can be defined as Referring to previous study [8, 9] 
where p and q are the weights of the two OV functions; 1  and 2  are the weights of velocity difference.
Linear stability analysis
According to linear stability analysis method [7, 16] , stable condition of the uniform traffic flow is given by 
where V  and V  are the derivatives of OV (7) can be rewritten as 2 12 [ ( ) 
According to previous study, the vehicle system is stable when 2 0 z  , which is
and the neutral stability condition has the following form:
The stability surface is described in Fig. 1 . and q=0 in Fig. 1(a) , while p=0.8 and q=0.2 in Fig. 1(c) . As can be seen, the unstable region is smaller considering influence from adjacent lane [31] .
Non-linear stability analysis
For the convenience of non-linear analysis, Eq. (5) is rewritten as
,
MKdV equation is obtained in unstable region around the critical point ( , ) cc ha , where 0 V   . By the analysis method in [18] [19] [20] , the long wave expansion is applied in this section.
Two slow scales for space variable n and time variable t are introduced. We define slow variables X and T as
where b is a constant determined later and
Headways for two lanes are set as
Expand Eq. (12) 
Then Eq. (16) can be rewritten as 
To determine the value of amplitude B , the solvable condition is considered: The kink-antikink soliton solution of headway can be written as follows  =0.04, on which situation the system is more unstable, we find serious kink-antikink waves on both lanes in Fig. 4 .
Unlike Fig. 2 or Fig. 3 , there is no significant difference between the two lanes, because all the vehicles get influenced heavily by lateral impact. By simulation, the theoretical analysis of MKdV solution can be described.
Conclusions
In this paper, a new car-following model is 
